Background Frailty is a clinical phenotype that is associated with adverse health outcomes. Since frail patients may be more prone for adverse drug events and about 15-20 % of commonly prescribed drugs are metabolized by CYP2D6, we hypothesized that CYP2D6 metabolism is decreased in frail patients compared with healthy subjects. Methods The 13 C-dextromethorphan breath test (DM-BT) was used to determine CYP2D6 phenotype using 13 Cdextromethorphan ( 13 C-DM) as a probe. Eleven frail and 22 non-frail (according to the Fried criteria) subjects aged 70-85 years were phenotyped for CYP2D6. Results Despite inequalities in CYP2D6 genotype between frail and non-frail subjects, the CYP2D6 gene activity score was equally distributed between the two groups (1.33 ± 0.50 vs. 1.28 ± 0.752). In male patients, no difference in total and free serum testosterone levels was observed between frail and non-frail men. Serum dehydroepiandrostenedione sulfate (DHEAS) levels were lower in frail subjects (1.56 lmol/L) compared with nonfrail subjects (2.36 lmol/L), but the difference was not significant (p = 0.15). Body mass index was significantly correlated to CYP2D6 phenotype, whereas frailty score and individual parameters of frailty, Karnofsky score, and activities of daily living score were not significantly correlated to CYP2D6 phenotype. Although there was no difference in CYP2D6 phenotype observed between frail mean ± standard deviation (mean ± SD) area under the curve for delta over baseline values (0-2 h) (AUC DOB2h ) 319 ± 169 % min] and non-frail subjects (mean ± SD AUC DOB2h 298 ± 159 % min), the present sample size is considered too small to draw any firm conclusions regarding a potential phenoconversion of CYP2D6 in frail elderly as compared with healthy subjects. Conclusion Frail and non-frail subjects did not differ in CYP2D6 phenotype, taking into account that the precalculated sample size was not achieved. Further studies with more patients are needed in order to adequately understand a possible correlation.
Introduction
Frailty is a clinical phenotype that is associated with adverse health outcomes [1, 2] and is characterized by an excessive reduction of lean body mass, sarcopenia, chronic undernourishment, reduced function, and poor endurance. Frailty might influence the pharmacokinetics and pharmacodynamics of drugs [3] . Studies investigating the effect of frailty on the pharmacokinetics of drugs in older people are scarce. In the limited studies published, the interpretation of the results is complicated by inconsistent assessment of frailty.
From a pathological point of view, there is an association between inflammation and frailty [4] . Frailty was associated with higher inflammatory markers such as interleukin-6 (IL-6) and lower pseudocholinesterase (dibucaine) activity [4] . Inflammation has the potential to downregulate drug metabolism and transporter pathways [4, 9] , reducing the systemic clearance of some drugs.
Indeed, sulfation of metoclopramide [7] and glucuronidation of acetaminophen [6] were significantly decreased in frail elderly compared with fit elderly. In contrast, very old ([80 years) as well as frail people were able to maintain the ability to metabolize CYP3A4 substrates in a phenotyping study using the erythromycin breath test (ERBT) [5] .
CYP2D6 has been involved in the metabolism of approximately 15-20 % of all drugs such as b-blockers, antipsychotics (like haloperidol), most selective serotonin reuptake inhibitors (SSRIs), and antitumor agents such as tamoxifen and gefitinib, and is therefore a drug metabolizing enzyme that could potentially increase the risk of drug side effects in frail elderly.
Studies on ageing and CYP2D6 phenotype are conflicting: there is no evidence that slow debrisoquine (test probe for CYP2D6) metabolizers are more common at older age [10] . Clinically, however, older people using propranolol as a probe drug are at greater risk of adverse reactions if they have lower CYP2D6 enzyme activity. There was more than a 50 % reduction in clearance of total propranolol in older patients deficient in the CYP2D6 pathway compared with young subjects [11] . Therefore, there is a need to understand the factors that determine heterogeneity of metabolism in elderly, which might be partly attributed to frailty, in order to individualize pharmacotherapy. To date, no phenotyping studies have been reported on the CYP2D6 enzyme and frailty.
The goal of this investigation was to study CYP2D6 phenotype in frail and non-frail elderly, to test the hypothesis that frailty is associated with decreased CYP2D6-mediated metabolism. The 13 C-dextromethorphan breath test (DM-BT) was used to determine the CYP2D6 phenotype with limited breath sampling using 13 C-dextromethorphan ( 13 C-DM) as a phenotype probe [12] . Leeder et al. [12] developed a single-point DM-BT to specifically phenotype CYP2D6 in a simple, rapid way. 13 C-labeled DM is metabolized by CYP2D6 via Odemethylation. The released methyl group is involved in the formation of 13 CO 2 that is released in expired breath over time. DM-BT resulted in 30 healthy subjects correlating well with the urinary 13 C-dextromethorphan/dextrorphan (DM/DX) ratio, an alternative way to phenotype CYP2D6. By defining the CYP2D6 poor metabolizer (PM) phenotype by a single-point DM-BT result at t = 50 min [delta over baseline at t = 50 min (DOB 50 ) B0.5 %], sensitivity and specificity of DM-BT to detect PM was 100 and 95 %, respectively, using either genotype or DM/DX ratio as the ''gold'' standard'' [12] . In our study, the DM-BT was used to determine CYP2D6 phenotype with limited breath sampling using 13 C-DM as a phenotype probe.
Methods

Population
To assess the impact of frailty on CYP2D6 metabolism, and to exclude age as a possible confounder, it was chosen to select frail and non-frail subjects in the age range of 70-85 years, who were recruited from the outpatient clinic at the Leiden University Medical Center. The subjects were referred by general practitioners from the Leiden region, or were recruited by advertisements. The protocol was approved by the institutional review boards of the Leiden University Medical Center, The Netherlands. All subjects provided written informed consent. Since no data exist regarding the phenotype parameter DOB 2h , the power calculation was based on existing DOB 50 values from our prior study [8] , given that DOB 50 is considered to sufficiently correlate with DOB 2h . To achieve 80 % power at a 0.05 significance level in order to detect a hypothesized difference in CYP2D6 phenotype parameter DOB 50 of 0.8, between frail and non-frail elderly, the calculated sample size was 42 (21 frail, 21 non-frail patients). Blood samples were collected to determine CYP2D6 genotype by the Amplichip array (Amplichip, Roche). CYP2D6 genotype was translated into an ultrarapid (UM) (e.g., XN *1), extensive (EM) (e.g., *1/*1), heterozygous extensive (hetEM) (e.g., *1/*4), intermediate (IM) (e.g., *41/*41) or poor metabolizer (PM) (*4/*4) predicted phenotype. CYP2D6 activity score was determined for each patient according to the method introduced by Gaedigk et al. [13] .
Baseline Evaluation
Patients were interviewed to assess physical function, demographics, self-estimated health, weight loss, energy [14] . Physical function included maximal grip strength (kilograms) in the dominant hand (three measures averaged), using a Jamar Ò hand-held dynamometer (Sammons Preston Rolyan, Bolingbrook, Illinois, USA), assessment of time to walk 4 m at usual walking speed and assessment of five times sit-to-stand test (FTSTS).
Fried Frailty Score
Subjects were tested for frailty using the Fried [1] criteria. A patient was identified as a frail subject when at least three Fried criteria were met, while a subject was considered non-frail when none of the criteria were met, in order to discriminate sufficiently between the subgroups. A phenotype of frailty was identified by the presence of three or more of the following determinants of frailty:
1. Unintentional weight loss of C5 kg in the prior year or, at follow-up, of C5 % of body weight in the prior year. 2. Hand grip strength of \30 kg (men) or \18 kg (women). 3. Normal walking speed of less than 0.76 m/s (more than 6 s for 4 m). 4. Poor energy expenditure in the last 3 months, reflected in more than 4 h sitting a day, less than 1 stroll/month, and no cycling or jogging. 5. The presence of self-reported exhaustion, identified by a positive answer to two questions from the Center for Epidemiologic Studies Depression (CES-D) scale [15] :
-Do you struggle to get going? -Does everything you do take effort?
The number of frailty characteristics present was identified in each subject. Subjects were identified as non-frail by the absence of all Fried criteria (Table 1) .
Inclusion and Exclusion Criteria
Men and women aged 70-85 years with a body mass index (BMI) between 20 and 30 kg/m 2 were included in the study. Subjects were excluded from the study when the investigator identified the following: acute illness, metastasized cancer, inability or unwillingness to fast overnight prior to the study session, inability or unwillingness to abstain from drinking alcohol for 24 h prior to the DM-BT, a diagnosis of severe asthma or severe chronic obstructive pulmonary disease (COPD), the existence of metabolic or gastrointestinal disorders that influence absorption and/or gastric emptying, a demonstrated adverse reaction to previous DM exposure, impaired hepatic function as defined by Cgrade 3 Aspartate aminotransferase (AST), alkaline phosphatase or total bilirubin or a history of liver cirrhosis, stage IV renal insufficiency defined by an modification of diet in renal disease (MDRD) of\30 mL/min, use of medication known to slow gastric emptying or gastrointestinal motility within 24 h of the breath test, use of medication inhibiting or inducing CYP2D6 and/or mono-amine oxidase (MAO) inhibitors in the last 2 weeks, and use of DM cough syrup/ tablets within 24 h of the breath test.
DM-BT
The DM-BT was used to determine CYP2D6 phenotype. Participants were asked to fast for at least 12 h and abstain from alcohol intake for 24 h prior to the administration of the DM-BT. During the breath test, patients were observed and potential side effects were recorded. A baseline breath sample was collected into a 1.3-L first breath bag prior to first administration of two Alka-Seltzer Gold (ASG) Ò tablets and 50 mg = 24 mL of a 2.07 mg/mL 13 C-DM formulation (Cambridge Isotope Laboratories Inc.
Ò , Andover, Massachusetts, USA).
Breath samples were collected into a 1.3-L breath bag at 30, 40, 50, 60, 90 and 120 min post dose. Following the collection of the breath samples, the breath was analyzed for 13 CO 2 / 12 CO 2 ratio using a POCone Ò (Otsuka Pharmaceutical Ltd., Tokyo, Japan) spectrophotometer. A DOB value was calculated for each time point, reflecting CYP2D6 activity [12] : DOB (t = x min) = 1000 9 [( Using the trapezoidal method, the area under the curve (AUC) of DOB versus time (min) was calculated for each subject.
Data Analysis
Data are presented as mean with SD or range for summary statistics. Statistical analyses of data were done with IBM 3 Results
Study Participants
All patients were Caucasians. There were difficulties in recruiting frail patients in our study; due to their frailty, many subjects were not able to come to the outpatient clinic and often appointments were cancelled. In five patients, the study procedures were conducted at the subjects' home to overcome this issue. Thirty-five (13 frail, 22 non-frail) patients were initially enrolled for the study. Two frail patients were found to be ineligible according to the pre-specified Fried criteria. Eventually 33 patients (11 frail and 22 non-frail) were enrolled in this study. Of the 22 nonfrail patients, 12 were male and ten were female, and of the 11 frail, six were male and five were female. The patients' mean (±SD) age was 77.3 years (±4.3) and the mean (±SD) weight was 76.1 kg (±12.7). Age, weight and BMI did not differ between frail and non-frail patients. The predicted CYP2D6 phenotypes (following the genotyping result) were not equally distributed: in the frail group, 0/11 subjects had a PM predicted phenotype, whereas in the non-frail group, the PM phenotype occurred in 3/22 subjects. The IM predicted phenotype occurred in 6/11 frail versus 7/22 non-frail subjects, whereas the EM predicted phenotype was almost equally distributed among the two groups (frail 3/11 and non-frail 8/22). However, the mean gene activity score did not differ between the two 33 (SD 0.50) vs. 1.28 (SD 0.752) ]. The CYP2D6 gene activity score significantly (p = 0.010) correlated (r = 0.486, Pearson correlation) to the CYP2D6 phenotype, consistent with previous findings from our study in patients who were treated with tamoxifen in the adjuvant setting. In this study [8] , CYP2D6 gene activity score explained 48.7 % of variance in the log transformed CYP2D6 phenotype by DM-BT (r 2 = 0.487, p \ 0.001, n = 63).
In frail subjects, the total number of comorbidities was higher compared with non-frail subjects. More than 50 % of frail subjects had three or more comorbidities, compared with 0 % in the non-frail subjects. Consistent with the presence of frailty, the frailty score was higher (3.36 vs. 0, p \ 0.001) and the Karnofsky score was lower in frail subjects compared with non-frail subjects (77.3 vs. 96.8 %, p \ 0.001). None of the frail subjects had a 100 % Karnofsky score. No difference in daily activities and cognitive function (by means of a Mini-Mental State Examination) were observed between the two groups.
Hand grip strength was slightly lower in frail men compared with non-frail men, but the difference was not statistically significant (31.3 vs. 35.0 kg, p = 0.317). For women, however, the difference in hand grip strength was more obvious between the two groups (18.2 kg in frail vs. 28.2 kg in non-frail patients, p = 0.01). In frail patients, a significantly lower walking speed was observed compared with non-frail subjects (7.9 s for 4 m vs. 4.6 s, p = 0.017), more or less consistent with the pre-specified cut-off value of 6 s in the Fried criteria for frail subjects. The chair-stand test was performed at a lower speed in frail compared with non-frail subjects (15.9 vs. 13.2 s), but the difference was not significant (p = 0.119).
Liver and renal function did not significantly differ between the two groups. No difference in the dibucaine number was observed between the two groups.
In male patients, no difference in total and free serum testosterone levels was observed between frail and nonfrail men. Serum DHEAS levels were lower in frail subjects (1.56 lmol/L) compared with non-frail subjects (2.36 lmol/L), but the result was not significant (p = 0.15). Smoking was not reported in any subject. Use of low amounts of alcoholic beverages was reported in two patients in the non-frail subgroup.
DM-BT Results
Both healthy and frail subjects were able to carry out the breath test according to applicable procedures. No difference in CYP2D6 activity was observed between frail and non-frail subjects [area under the curve for delta over baseline values (0-2 h) (AUC DOB2h ) 319 ± 169 % min in frail vs. 298 ± 159 % min, p = 0.728, Fig. 1] . Also, no difference in CYP2D6 activity was observed between frail men and non-frail men and between frail women and nonfrail women, respectively. Recruitment of subjects was limited to patients aged 70-85 years in order to assess the influence on frailty without the interference of age as a possible confounder. Indeed, it was shown that in the chosen small age frame, no correlation between age and CYP2D6 phenotype by DM-BT was detected (r 2 = 0.008, p = 0.631 for age vs. AUC DOB2h ). CYP2D6 activity by DM-BT was significantly higher in women than in men (AUC DOB2h 362 ± 162 vs. 252 ± 142 % min, p = 0.036, Table 2 ) for the whole group. In the non-frail group, there was a non-significant (p = 0.059) trend towards a higher CYP2D6 phenotype in women compared with men. Men had a significantly higher weight than women, and by using a fixed DM dose of 50 mg instead of a weight-based dose, the CYP2D6 phenotype was higher in women compared with men. When corrected for weight, however, there was no difference in CYP2D6 phenotype between the groups.
To filter out the contribution of the CYP2D6 genotype, we calculated the CYP2D6 phenotype per genotype group in frail in non-frail subjects (Table 3) ; with more active CYP2D6 alleles, higher breath tests results were found. Because of the small subgroups, it is not possible to identify any difference in CYP2D6 phenotype within the subgroups.
Parameters that may be associated with drug metabolism were separately correlated to the Fried frailty score and the CYP2D6 phenotype (Table 4) : BMI was negatively correlated to the phenotype [-0.350 (p = 0.046)]. With the knowledge that most patients had normal liver and renal function, liver tests and creatinine values were not Fig. 1 Box plot of CYP2D6 phenotype measured by dextromethorphan breath test between frail and non-frail subjects. AUC area under the curve, Cum cumulative, DOB delta over baseline, % per mille correlated to CYP2D6 phenotype. With the use of a fixed DM dose of 50 mg, and because the mean weight in men (82 ± 9 kg) was significantly higher than that in women (69 ± 13 kg), we observed a higher CYP2D6 phenotype in women compared with men (Table 2) .
Regarding separate parameters of frailty, Karnofsky score, ADL score, maximum grip strength and the time needed to walk 4 m were not correlated to CYP2D6 phenotype. The chair-stand test was positively correlated to the frailty score but negatively correlated to CYP2D6 phenotype [0.467 (p = 0.006) and -0.372 (p = 0.039), respectively]. Dibucaine number, (free) testosterone and DHEAS levels in men were neither correlated to frailty nor to CYP2D6 phenotype. No correlation between frailty score, whether or not corrected for BMI, and CYP2D6 phenotype was identified.
Discussion
This is the first study investigating CYP2D6 phenotype in frail versus non-frail subjects by means of a non-invasive DM-BT phenotype test.
We hypothesized that CYP2D6 metabolism was decreased in frail elderly in line with the increased incidence of adverse drug reactions in frail subjects compared with non-frail subjects [16] .
Consistent with a frail phenotype, functional scores (ADL, Karnofsky) were lower in the frail subgroup.
Despite the fact that no difference was observed in the time to stand up from a chair and in biochemical parameters associated with frailty, such as dibucaine and testosterone, between frail and non-frail subjects, the high combined frailty score in the frail elderly group was compatible with a frail population. In light of the absence of any Fried criteria in the non-frail group, we therefore considered that the frail and non-frail study participants were distinctive enough to test our hypothesis. BMI was negatively and significantly correlated to CYP2D6 metabolism, but even when frailty score was corrected for BMI, no difference in CYP2D6 phenotype was observed between the two groups.
The finding of absence of altered CYP2D6 activity in frail subjects is consistent with the study of Schwartz [5] . In this study, ERBTs to phenotype CYP3A were performed in 60 individuals aged 65-101 years, 27 of whom were classified as frail. Frail subjects did not display altered CYP3A metabolism compared with non-frail subjects. Phenoconversion, in which the phenotype is altered by concomitant use of CYP450 inhibitors or inducers, might alter phenotype results. In contrast to the study by Schwartz [5] , however, concomitant medication such as CYP2D6 inhibitors and inducers were excluded in our study and could therefore not have biased our results. There are some limitations in this study. First, due to difficulties in recruiting frail patients, eventually 33 (11 frail, 22 non-frail) patients were invited for the study, a number less than originally calculated (21 vs. 21). Therefore, we performed a post hoc power analysis; In other words, the probability of a p value of [0.05 is approximately 40 %. The present sample size is therefore considered too small to draw any firm conclusions regarding a potential phenoconversion of CYP2D6 in frail elderly as compared with healthy subjects. Second, we applied the Fried criteria to assess frailty in our subjects. Although this phenotype model has been validated and generally accepted, potentially important factors such as cognitive impairment, a highly prevalent condition associated with functional decline and disability, have not been included in the Fried criteria. Although other models do in fact include such parameters, they have not been validated in clinical practice [17] . Lastly, the DM-BT has not been validated in an aged and/or frail population.
Frailty, as currently defined, can be considered representative of a generalized decline in function that can be predictive of the need for assistance or interventions to avoid dependency. The criteria do not include measures of medical disease severity or organ function but suggest a clinical syndrome.
Our findings do not suggest that the clinical syndrome of frailty as such is an important determinant of CYP2D6-mediated drug metabolism. Since we did observe a large heterogeneity in CYP2D6 metabolism in women using tamoxifen in the adjuvant setting for breast cancer [8] , predicting factors other than frailty might be more important. However, we cannot exclude that CYP2D6 induction or inhibition by several drugs could be altered with the presence of frailty.
Due to the fact that the study was underpowered to test our hypothesis, we cannot draw any conclusion regarding a potential impact of frailty on CYP2D6 metabolism. Further studies with more patients are needed in order to adequately understand a possible correlation.
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